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This invention relai;es to a process 
of purifying a gas which contains oombustiUe components 
as well as carbon dioxide and sulfur compounds, parti- 
cularly HgS, in that vho gas is scrubbed in a scrubbing 
zone with a scrubbing solution, which is regenerated and 
re-used, wherein tho scrubbing solution to be regene- 
rated is pressure-relieved, stripped, and heated in a 
hot regenerating zone, an exhaust gss rich in HgS pro- 
duced in the hot regenerating zone is processed to form 
elementary sulfur and a residual gas which contains 
HgS, and the residual gas is contacted with scrubbing 
solution. 

ISuropean Patent o 051- 772 describes 
a process which is of that kind and in which the exhaust 
gas that is auprlied to the Glaus process plant contains 
considerable amounts of cOj in addition to H2S. That 
exhaust (jas io proceseed further in a relatively ex- 
pensive Glaus process plant., which inloudes two or three 
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catalytio stages, in which after a partial combustion 
of to SO2 the exhaust .cas is catalytically con- 
verted as completely as possible to elementary sulfur 
and water by the Glaus retjction 

2 H^S + CO2 — » 5 S + 2 HgO 
Before and behind each of sad catalytic stages, elemen- 
tary sulfur is condensed from the mixed gases and is 
removed. In the known process the catalytic conversion 
stages are succeeded by a hydrogenation and the exhaust 
gas is thereafter recycled to the scrubber. 

Those catalytic processing stages give 
rise to conserable costs and have the disadvantage 
that they render the start-up of the plant from stand- 
still expensive and time-cons\uning. There is also a risk 
that in case of frequent start-ups and shutdowns and of 
extreme load changes the catalysts will soon lose their 
activity. 

It is an obdeot of the invention so to 
process the exhaust gas rich in HgS that is formed 
in the hot regenerating zone that a fast start-up from 
a standstill can be effected in a simple manner and 
even a frequent load change will not be problematic. 
In the process which has been described first herein- 
before this is accomplished in accordance with the in- 
vention in that the exhaust gas which is rich in HgS 
and has been produced in the hot regenerating zone is 
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partly combusted in a combustion chamber with oxygen, 

oxygen-containing gas or air; a ^as mixture which is 

at a temperature in the range from 1000 to 2000^0 and 

in whic1^^o'*moie percent; of the sulfur supplied to 

the combustion chamber are contained as elementary sulfur 

and which also contains the components HgS and SO2 in 

a molar ratio of ^:1 to 1j1 is produced in the combustion 
the 

chamber; gas mixture is cooled below the dew point tem- 
perature of sulfur; condensed elementary sulfur is re- 
moved; the gas mixture is subsequently heated to tem- 
peratures of 180 to 280°C and is then directly subjected 
to a catalytic hydrogenation and/or hydrolysis, whereby 
the residual content of SOg is substantially converted 
to HgS ; 

and at least part of the gas which 
has thus been treated is contacted as an HgS-containing 
residual gas with scrubbing solution. The process in 
accordance with the invention is particularly desir- 
able for the deaulfurization of fuel gases to be used 
as fuel in a gas turbine-steam turbine power plants. 

In the process in accordance with 
the invention^ cais is taken to ensure that the gas which 
is rich in HgS and supplied to the combustion chamber 
is highly enriched with HgS so that a large share of 
the hydrogen sulfide is reacted to elementary sulfur 
by the reaction 
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HgS + O2 = S + HgO 
in and immediately after the combustion chamber and 
there is no longer a need for a further processing 
of the gas mixture by a catalytic reaction of H^S and 
SOg according to the Glaus reaction 

2 HgS + SO2 = 3 S + 2 HjO 
A reaction of to a lov/er degree is im:entionally 
tolerated and this will also increase the demand for 
hydrogen for the hydrogenation. But in the process in 
accordance with the invention the h@ier rate of hydro- 
genation requires that the hydrogenation catalyst is 
cooled and in the process in accordance with the in- 
vention that cooling can be effected by the feeding of 
a cooling gas, which may also >:e used to supply the de- 
ficient hydrogenating hydrogen. 

The residual gas which is high in H^S and 
has been produced in the hydrogenating and/or hydrolyzing 
stage may be recycled, e.g., to the scrubbing zone or 
to the regenerating stage. Alternatively, part of that 
residual ^as may directl-7 be supplied to the combustion 
chamber and this will be recommendable particularly if 
oxygen and an exhaust gas which is highly enriched with 
HgS are supplied to the combustion chamber. 

'^he hot regeneration produces an exhaust 
gas which has a low COg content not in excess of 10^ 
by volume or will have a much lower COg content if the 
laden scrubbing solution from the scrubbing zone is 
pressure-relieved in at least two regerfi^ating columns 



-5- 

before the hot regeneration. In that case it will 
be reconmendable to feed at least part of the f lashed- 
off gas as a stripping gas to the preceding zztx^e. In 
addition, inert gas may be used as a stripping gas in 
the hot regenerating soneo 

The process is particularly desir- 
able for effecting a desulfurization of gases which 
have a high heating value and are intended for use in 
a gas turbine-gteam turbine power plant. Such gases 
having a high heating value may be produced in a manner 
known per se, e.g., by a gasification of solid fuels. 

'^he gas may be purified by means of 
various scrubbing solutions, which are selective for 
HgS and which are known per se and may consist, e.g., of 
physically acting scrubbing solutions, cuch as methanol, 
N-methyl pyrrolidone, methyl diethanolamine or also 
dimethyl ether of polyethylene glycol. :!?he c^ar, is scrub- 
bed in most cases under pressures in the range from 5 to 
100 bars and at the known temperatures which are typical 
of the scrubbing solution employed and lie in the range 
from -80^0 to +100^C. The elementary sulfur is produced 
under pressures of about 1 to JO bars or even higher 
pressures. Pressures of 1 to 10 bars are presently pre- 
ferred. 

Further feattrres of the process will 
be explained with reference to the drawing. Figures 1, 
3» and ^ are flow schemes illustrating various variants 
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of the process. Figure 2 is a simplified represen- 
tation of an example of the Glaus process plant which 
may be used in accordance with the inventiion. Pumps 
and compressors have been omitted in the drawing for the 
sake of simplicity and of a clearer arrangement. 

In the process illustrated in 
Figure 1 Ihe gas which is to be desulf urized is fed in 
line 1 to a scrubbing zone 2, which is supplied with, 
regenerated scrubbing solution through line 5. -Purified 
gas is withdrawn in line 4. Laden scrubbing solution, 
which contains HgS and COg, is supplied in line 5 with 
a partial pressure relief to a re-absorber 6. The re- 
absorber consists of a regenerating column, which 
contains mass transfer-promoting elementsi known per se, 
such as liquid- and gas-permeable plates. lT}/bhe re- 
absorber 6, COg is substantially stripped off whereas as 
much HgS as possible is kept in the scrubbing solution. 
?or this purpose the re-absorber is supplied at its top 
through line 8 with regenerated scrubbing Goiution, 
which preferentially takes up the sulfur compounds from 
the rising gases. H2S-containing gases from lines 10 
and 11 are suj^plied to the lower portion of the re-ab- 
sorber and in the re-absorber 6 act as stripping gases 
to strip off particularly COg- An exhaust gas which is 
rich in COg is withdrawn from the re-absorber through 
line 12 and because it has substantially been desul- 
furized may be combined for most application with the 
gas from line ^. 
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■•'■'he scrubbing solution from the le- 
ahsorber 6 is supplied in line I5 to a heat exchanger 
11- and is heated therein and then flows in line I5 to 
the hot regenerating apparatus 16, in which a reboiler 
17 effects the temperatxire rise which is required for 
a release of impurities, particularly H2S, which are 
bound to the scrubbing solution. In case of need, 
a stripping gas may additionally be supplied through 
the line 18, which is indicated by a dotted line. That 
stripping gas may consist, e.jg., of hydrogen or nitrcffen 
or of a desulfurized exhaust gas« 

ijegenerated scrubbing solution leqves 
the hot regenerating zone 16 in line 20 and is cooled 
in the heat exchanger 1* and in line 21 is recycled to the 
scrubbing zone 2 and to the re-absorber 6. Exhaust gas 
which is rich in is withdrawn in line 25 from the 
top of the hot regenerating apparatus 16 and a partial 
stream thereof is supplied in line Z'\r to a Glaus process 
plant, which consists of a burner section 3 and a suc- 
ceeding hydrogenating section H. Details of the Glaus 
process plant consisting of sections 3 and H will be 
explained hereinafter with reference to Figure 2. and it 
will also be explained that the hydrogenating section H 
coiaprises a hydrogenating and/or hydrolyzing stage. Re- 
maining exhaust gas is withdrawn in line 23 from the hot 
regenerating apparatus 16 and is supplied through a 
cooler 26 and through line 11 to the re-absorber 6. 

It is indicated in i'igure 1 that in addition 
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to the exhaust gas which is rich in K^S and conducted 
in line 2* the Glaus process plant is supplied through 
line 28 with oxygen or air or oxygen-enriched air, that 
elementary sulfur is withdrawn in line 30, that exhaust 
eas which contains and sOj is supplied in line 45 
to the hydrogenating section K, and that a part of the 
HgS-containing residual .vas from the hydrogenating 
section is recycled in line lOa for a control of the 
temperature in the hydrogenating reactor. The scrubbing 
zone 2, the re-absorber 6 and the hot regenerating appa- 
ratus 16 may contain elements known per se, such as 
plates, for improving the mass transfer. 

The aaus process plant which is 
shown in detail in Figure 2 essentially consists of the 
burner section B (between items 24 and 40) and the hydro- 
genating section H (between items 45 and 50) and is operat- 
ed as follows: iSxhaust gas from line 24 and oxygen-con- 
taining gas from line 28 are initially supplied to a Glaus 
process burner 31 - or a plurality of burners - provided 
with an integrated combustion chamber. Details of such a 
combuster are described in Published German Application 
37 55 002 and in U.S. Patent 4,632,819. By the combustion, 
a gas mixture at temperatures of sbbut 1000 to 2000°0 is 
produced and the oxygen in line 28 is metered to ensure 
that the mole ratio of to SOg in the gas mixture 
lies between 4s1 and 1:1 and preferably at about 2:1. 
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The succeeding indirect cooler 52 is provided with a 
feed water supply line ^Hr and with a -.vater vapor- 
withdrawing line 35 and is used to cool the gas mixture 
below the dew point temperature of sulfur so that ele- 
mentary sulfur is condensed. That elementary sulfur is 
delivered in line 50a to a collecting bin 55. 

•Ihe cooled gas mixture flows in line 
57 t:o a further indirect cooler 58, which is used to 
improve the yield of elementary sulfur. That elementary 
sulfur flows in line 50b also to the bin 35. The gas in 
line HO is still at temperatures of about 125 to 135°c 
and is heated in an indirect heat exchanger 43. The 
thus preheated gas is supplied at temperatures of 180 
to 280°C in line if5 to a catalytic hydrogenator 46, 
which will be supplied through line 46a with hydrogen- 
containing gases if the hydrogen produced in the com- 
bustion chamber 51 Is not sufficient. The hydrogenator 
may be used entirely or in part as a hydrolyzer and is 
used in known manner mainly to convert SOg to HgS. 
Cobalt-molybdenum catalysts may be used, for instance, 
for that purpose. The gas mixture from the hydrogenator 
46 is initially precooled in the cooler 4? and is then 
fed to a direct cooler 48 for a removal of water. 
The cooler 48 is supplied with cooling water, which is 
circulated through an indirect cooler 49. Surplus water 
is withdrawn in line 50. HgS-containing residual gas at 
temperatures of about 2o to 40°0 leaves the cooler 48 
in line 10 and a partial stream of that residual gas is 
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recycled in line lOa to the hydrogenator 46 to control 
the temperature in the hydrogenator. Lines lOa and 46a 
may alternatively open imo line 45. The residual gas 
flowtng in line IQ win be processed further in the 
manner that is exi3ained with reference to Jfigures 1, 5, 
and 4. 

The process variants illustrated in iJ'igures 
5 and 4 agree with the process of Figure 1 in part so that 
like reference characters are employed and reference is 
made to the explanations furnished with reference to 
figure 1. In accordance with Figure J, gas which is to 
he deaulfurized is supplied in line la and after it has 
been mixed with the gas flowing in line 10 is supplied 
in line 1 to the scrubbing zone 2. in the processes 
illustrated in i'igures 5 and 4 the regenerating appara- 
tus also comprises two regenerating columns 7 and 51, in 
which the scrubbing solution is partly pressure-relieved 
and is treated with a stripping gas. The stripping gas 
for the column 7 comes from line 52 and consists of an 
exhaust gas which comes from the regenerating 
column 51 and has flown through the cooler 53. In accordance 
with figure 5 a part of the exhaust gas from column ? 
is supplied in line 60 to the scrubbing zone 2 and the 
remainder flows through line 61 to the hydrogenating 
section H of the Glaus process plant. Hydrogen-contain- 
ing gas is added through line 46a and may be tapped, e.g., 
from the pure gas flowing in line 4 if that pure gas is 
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suitable for the purpose. 

Stripping gas is supplied in line 
18 also to. the hot regenerating apparatus 16, and a 
part of the exhaust gas from the hot regenerating appa- 
ratus flows through the control valve 66 and line 6? 
aa a stripping gas to the second regenerating column 
51. The scrubbing solution from line 1? flows through 
the pressure relief valve 15a and subsequently enters 
the column 51. HgS-containing residual gas from the hy- 
drogenating section H is admixed from line 10 to the 
gas to be purified, which flows in line 1, 

'Jhe process illustrated in Figure * 
is similar to that shown in Figure 5. In that case the 
HgS-containing residual gas from line 10 is used as an 
additional stripping gas in the first regenerating column 7 
and the entire exhaust gas from that column is supplied 
through line 60 to the scrubbing zone 2. The entire ex- 
haust gas which is rich in HgS and comes from the hot 
regenerating apparatus 15 is supplied in line a^fr to the 
Claus process plant. Nitrogen, e.g., is used as a 
stripping gas in the second regenerating column 51 and 
is supplied in line 62. Hydrogen usually coming from an 
extraneous source is supplied as a hydrogenating gas 
through line '^ea zo the hydrogenating section H. Alter- 
natively, a partial stream of the scrubbed gas in line 
4 may be used as a hydrogenating gas. 
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Sxample 1 

In a processing system as shown in 
Figxire 3, comprising a Claus process plant as shown 
in Figure 2, a dedusted product gas from the gasifi- 
cation of coal is treated with NMP as a scrubbing 
solution. Data indicating the rates, pressures and 
gas components in various lines are apparent from the 
following tables. AH rates, also those of the compo- 
nents, are stated in all examples in kilomoles per hour. 



Line 


1a 


4 


5 


10 


60 


61 


Rate 


10000 


10039.4 


395.7 


192.5 


247 




Pressure 


37 










(oars) 




1.1 


1.4 


1.4 


CoxDDonenlis • 














2 




1656.4 


294 


104.5 


196.8 


95.7 




53 




75 


22.7 


19.5 


9.4 


»2 


*517 


4514.4 


11 


2.8 


7.5 


3.5 


CO 


*000 


3993.6 


15.5 


0.4 


10.5 


5.0 


»2 




75 


0.2 


62.3 


12.9 


6.5 


Line 


15 


24 


46a 


52 


54 


67 


Rate 


124.4 


105.8 


4.4 


95.6 


65.9 


37.1 


Pressure 










(bars) 


1.5 


1.8 


36 


1,6 


1.8 


1.8 


Components: 
















49.2 


1.5 


0.7 


^7.7 


2 


0.5 




74.9 


46.3 




28.6 


63 


16. 7 


H2 






1.9 








GO 






1.8 










0.3 


56 




19.3 


0.9 


19.9 
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Nitrogen at a rate of 75 kiloraoles 
per hour is conducted as a stripping gas through line 
18. Pure oxygen at a rate of 21 kilomoles per hour is 
supplied through line 28 zo the combustion chamber 31. 
The laden scrubbing solution in line 5 is at a tempe- 
rature of 37°C. Elementary sulfur is collected in the 
bin 35 at a rate of 55 kilomoles per hour. In the 
hydrogenator 46, a cobalt -molybdenum catalyst^ is used, 
which comprises a carrier consisting of activated alu- 
mina • A partial stream of the pure gas in line 4 is 
supplied in line 46a as an additional hydrogenating 
gas. 55«6 kilomoles of water at 70^0 are withdrawn per 
hour in line 50. 

Example 2 

A processing system as shown in 
Figure 4 combined with the Glaus process plant of 
Figure 2 is used to process a gas that has been produced 
by a gasification of coal and is supplied in line la. 
NMP is used as a scrubbing solution. Nitrogen at a rate 
of 45 kilomoles per hour is supplied as a stripping gas 
in line 62. The combustion in the combustion chamber 31 
is effected with pure Og supplied at a rate of 12.1 
kilomoles per hour, and elementary sulfur at a rate of 
19 kilomoles per hour is collected in the bin 35. Water 
at a rate of 24.1 kilomoles per hour is withdrawn in 
line 50. Further data are stated in the following tables, 
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in which all rates, also those of the components, are 
stated in kilomoles per hour. 



Line 



10 13 24- 



10000 10026.8 372,6 9 128.1 27.2 

Pressure 

(bars) 57 56 37 1.4 1.5 1.8 

Temperature (°C) 30 38 36 30 31 



Components: 

COg 1650 1650 500 - 27 

HgS 19 - ^6.3 6.3 100.5 25.5 

H2 + CO 8331 8331.8 26.3 0.8 

^^2 - *5 - 1.9 0.6 1.9 



Line 46a 52 54 60 

Rate 6 145.9 27.2 399. 1- 
Pressure 

(^ars) 2.5 1.4 1.8 1.5 

Temperature ("c) 30 30 31 

Components : 

COg - 27 - 300 

H2S - 75.2 25.5 27.3 

Hg + CO 6 - - 27.1 

»2 - *3'7 1.9 45.0 



CLAIMS 

1. A process of purifying a gas which contains 
combustible components as well as carbon dioxide and 
sulfur compounds, particularly H2S, wherein the gas is 
scrubbed in a scrubbing zone with a scrubbing solution ^ 
which is regenerated and re-used, wherein the scrubbing 
solution to ;e regenerated is pressure-relieved, strip- 
ped, and heated in a hot regenerating zone, an exhaust gas 
rich in HgS produced in the hot regenerating zone is pro- 
cessed to form elementary sulfur and a residual gas 
which contains HgS, and the residual gas is contacted 
with scrubbing solution, characterized in nhat the ex- 
haust gas which is rich in HgS and has been produced in the 
hot regenerating zone is partly combusted in a combustion 
chamber with oxygen, oxygen-containing gas or air; a gas 
mixture which is at a temperature in the range from 
1000 to 2000 and in whit^ io^g S/e percent of the sul- 
fur supplied to the combustion chamber are contained as 
elemen;:ary sulfur and which also com^ains the components 

and SO^ in a molar ratio of v^^;1 to 1:1 is produced in 

the 

the combustion chamber; gas mixture is cooled below the 
dew point temperatxire of sulfur; condensed elementary. sul- 
fur is removed; the gas mixture is subsequently heated to 
temperatures of 180 to 280°G and is directly sub- 

deft ted to a catalytic hydrogenation and/or hydrolysis, 
whereby the residual content of SOg is substantially con- 
verted to HgS; and at least part of the gas which 
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has thus been treated is contacted as an HgS-containing 
residual gas with scrubbing solution. 

2. A process according to claim 1, 
characterized m th^Vresidual gas which comes from the 
hydrogenating and/or hydrolyzing stage is supplied to 
the scrubbing zone. 

5. A process according to claim 1 or 2, 
characterized in thst an exhaust ^as which is rich in 
Hg^ and contains COg not in excess of lo % by volume is 
supplied to the combustion chamber. 

4. A process according to claim 1 or any 
o£ the followints claims, charactedaed in that a partial 
STjream of the residual sas coming from the hydrogenating 
and/or hydrolyzing stage is lecycled to a point which 
precedes the hydrogenating or hydrolyzing stage. 

5. A process according to claim 1 or any 

of the following claims, characterized in that scrubbing solution 
which comes from the scrubbing zone and contains impuri- 
ties is partly pressure-relieved in a first regenerating 
column, which contains mass transfer-promoting elements, 
a first exhaust gas, which contains CO2, is withdrawn 
from the first regenerating column and is supplied at 
least in part to the scrubbing zone, the scrubbing so- 
lution from The first retjenerating col-omn ij heated and 
is partly pressure-relieved in a second regenerating column, 
^vhich contains mass iiransf er-promoting elements, partly 
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regenerated scrubbing solution from the second re- 
generating column is supplied to the hot regenera- 
ting zone, a strippines gas is supplied to the 
seeond regenerating column, and a second exhaust 
gas ia withdrawn from the second regenerating coluan 
and is supplied as a stripping gas to the first re- 
generating column. 



6. A process according to claim 5, 

characterized in that HjS-containing residual gas which 

comes from the hydrogenating and/or hydrolyzing stage 

is supplied as a stripping gas to the second regeneration 
column. 

7. A process according to claim 5, 
characterized in that nitrogen containing gas is supplied 
as a stripping gas into the hot regeneration zone and a 
partial stream of the exhaust gas from the hot 
regeneration zone is supplied as a stripping gas to the 
second regeneration column. 

8. A process according to claim 5, 
characterized in that HjS-containing. residual gas which 
comes from the hydrogenating and/or hydrolyzing stage 

is supplied as a stripping gas to the first regeneration 
column. 
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9. A process according to claim 1 or 
any of the following claims, characterized in that a 
portion of the H2S-containing residual gas coming 
from the hydrogenating and/or hydrolyzing zone is 
supplied into the combustion chamber. 

10. A process according to claim 5 or 
any of the following claims, characterized in that a 
partial stream of the first exhaust gas coming from the 
first regeneration column is supplied to the catalytic 
hydrogenation and/or hydrolysis zone, 

11. A process according to claim 1 or any 
of the following claims, characterized in that 30 to 

80 % of the sulfur which is contained in the exhaust gas 
which is supplied to the combustion chamber, is gained 
as elementary sulfur^ 

12. A process according to claim 1 or any 
of the following claims, characterized in that the 
purified gas withdrawn from the scrubbing zone is 
supplied to a gas turbine-steam turbine power plant. 
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A process of purifying a gas which con- 
tains combustible components as well as carbon dioxide 
and sulfur compounds, particularly H2S, in that the 
gas is scrubbed in a scrubbing zone with a scrubbing 
solution, which is regenerated and re-used. The scrub- 
bing solution to be regenerated is pressure-relieved, 
stripped, and heated in a hot regenerating zone. An 
exhaust gas which is rich in and comes from the hot 
regenerating zone is partly combusted in a combustion 
chamber with oxygen, oxygen-containing gas or air* A gas 

mixture which is at a temperature in the range from 

Q at least 

1000 to 2000 0 and in whictttTO mole percent of the 

sulfur supplied to the combustion chamber are contained 
as elementary sulfur and which also contains the compo- 
nents and SO2 in a molar ratio of 4:1 to I2I is 
produced in the combustion chamber. The gas mixture is 
cooled below the dew point temperature of sulfur; con- 
densed elementary sulfur is removed; the gas mixture is 
subsequently heated to temperatures of 180 to 280 ^0 and 
is then directly subjected to a catalytic hydrogenation 
and/ or hydrolysis, whereby the residual content of SOg 
is substantially converted to HgS. Aleast part of the 
gas which has thus been treated is contacted as an 
H2S-containing residual gas with scrubbing solution. 



